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(57) Abstract 

A dual -band detector that absorbs incident radiation in a first range of wavelengths and that absorbs incident radiation in a second 
range of wavelengths. The dual-band detector includes a semiconductor substrate and a first microbridge detector level disposed above the 
semiconductor substrate. The first microbridge detector level includes an active area that absorbs incident radiation in one of the first range 
of wavelengths and the second range of wavelengths. In one embodiment, the semiconductor substrate includes a detector that detects 
incident radiation in tl^ other of the first and second range of wavelengths. In another embodiment, the dual-band microbridge detector 
also includes a second microbridge detector level. The second microbridge detector level also includes an active area that absorbs incident 
radiation in an alternative one of the first range of wavelengths and the second range of wavelengths. With this apparahis. the dual-band 
detector can operate in a fiist range of wavelengths and also in a second range of wavelengths. In addition, this apparatus can be fabricated 
using existing processing techniques. 
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A DUAL^BAND MULTI-LEVE r MTCROBRIDGE DETECTOR 

This application claims the benefit of prior filed Provisional Application No. 60/006,790. 
filed November 15, 1995 and entitled Dual Band Focal Plane and Associated Methods. 

Background of the Invention 

1 . Field of the Invention 

The field of the present invention is directed to uncooled thermal microdetectors, and in 
particular, the present invention relates to thermal detector de\ ices that detect radiation in two or 
more wavelength bands of the electromagnetic spectrum. 

2. Pigcu^^jon Qf thg Rgl^^^d An 

In the field of infrared flR) detectors, it is known to pro\ ide a nvo-level bolometer radiation 
detector having a microbridge on a second plane disposed above a first plane including a silicon 
substrate. For example, U.S. Patents 5.286,976 (hereinafter "the '976 patent") and 5,300,915 
(hereinafter "the *915 patent") disclose a two-level, infrared bolometer detector de^•ice 10 as 
illustrated in Fig. 1 . A bolometer is an electromagnetic radiation detector that operates by absorbing 
incident electromagnetic energy and convening the absorbed incident electromagnetic energy into 
heat. The bolometer detector device as disclosed in the '915 and '976 patents has an elevated 
microbridge detector level 1 1 and a lower level 12. The lower level 12 includes a semiconductor 
substrate 13 having fabricated at a top surface 14 components of an integrated circuit (IC) 1 5. using 
conventional silicon IC fabrication technology. The components of the IC are coated with a 
protective layer of silicon nitride 16 which protects the IC from contamination. The elevated 
microbridge detector level 1 1 includes a silicon nitride layer 20. a resistive layer 21. a silicon nitride 
layer 22 disposed over the silicon nitride layer 20 and the resisti\ e layer 21, and an IR absorbing 
layer 23 disposed over the silicon nitride layer 22. Downwardly extending silicon nitride layers 20* 
and 22', deposited during the fabrication process, provide sloping support legs for the elevated 
microbridge detector level 1 1 . 

Hie '915 and '976 patents also disclose that a thin film layer 1 8 of reflective material can be 
deposited on the lower level 12, to provide a cavity 26 between the elevated microbridge detector 
level 1 1 and the lower level 12. A vertical distance d, between the reflective layer 1 8 and the upper 
microbridge detector level 1 1, is chosen so that incident energy passing through layers 20, 21» 22 
and 23 is reflected by layer 18 upwardly and has constructive interference properties with the IR 
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energy initially incident on the upper microbridge detector level 1 1 . In particular the '9 1 5 and '976 
patents disclose that the distance d is chosen to be substantially a quarter of a wavelength of a 
wavelength band of operation of the detector device, so that a phase of the reflected energy is 
coincident uith a phase of the incident IR energy on the upper microbridge detector level. ITie '915 
5 and '976 patents further disclose that the elevated microbridge detector level 1 1 includes a detector 
of the incident IR energy wherein the IR absorbing layer 23 and the resistive layer 21 make up an 
active area (not illusu-ated) of the detector. 

As is kno^.•n in the art. a sensilivit>' of the bolometer detector device 1 0 of Fig. 1 is a ftinction 
of many factors including an absorption coefficient of each matenal making up the act.ve area of the 
10 device over the desired wavelength band of operation, a phys.cal srrucmre of the detector including 
the cavitj- strucmre 26. a thermal isolation of the active area prov.ded by the microbridge structure, 
and the like. In Fig. 1 . the cavir>- 26 and the microbridge stmcture prov.de isolaUon of the detectors 
active area from its surroundings, for example the integrated circuit 15. so as to obtain hiaher 
isolation than if the active area were disposed on the top surface 14 of the semiconductor substrate 
>5 1 3. The microbridge structure of Fig. I also provides for a larger fill factor than a single level 
bolometer detector de^ ice dispo.sed within the substrate 13. since the detector is disposed on the 
elevated m.crobndge detector lev el and the bus lines, the components of the integrated circuit, and 
the like are disposed on the lower level 12. It is to be understood that for this specification, the fill 
factor is defined as a fraction of a pi.xel area that is the active area of the detector. It is also to be 
0 understood that the pi.xel area is the area containing the bolometer detector device 10. or in other 
words the area within a plane of the substrate 13 that includes either one or both of the upper 
microbridge detector level 1 1 and the IC circuit on the lower level 1 2. In other words the pixel fill 
factor is the active area divided by the pixel area. Further it is to be understood that the pixel 
collecting area of the bolometer detector 1 0 is the area over which the detector device absorbs energv 
or in other words die area over which the detector device is responsive to incident energy. 

The '915 patent discloses that the active area on die elevated microbridge detector level 1 1 
is maximized in order to ma.ximize the fill factor of the bolometer detector device and to therefore 
increase the sensitivitv- of the bolometer detector 10. Thus, the '915 patent discloses increasing 
sensitivity of the detector device 10 by increasing isolation of the bolometer detector device by 
placing the active area on the upper microbridge level 1 1 . and by maximizing the size of the active 
area. In addition, the '976 patent discloses that in order to maximize absorption of incident IR 
radiation in the operating band, a thickness t of all of die layers 20. 21, 22. 23 and the distance d 
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between the upper level 1 1 and the reflecting layer 18 are chosen to achieve peak absorption over 
the desired operating wavelength band. More specifically, the thickness t of the layers 20-23 is 
chosen to optimize a thermal mass of the microbridge level 1 1 to achieve peak absorption over the 
desired operating wavelength band, and the distance d is chosen to achieve constructive interference 
5 between any energy not initially absorbed by the active area that is reflected from layer 1 8. and the 
IR energy initially incident on the upper microbridge level 1 1 . 

One problem with the two-level microbridge bolometer detector 10 of Fig. 1 is that it is 
constructed to operate with a peak absorption sensitivit)* over a single operating range of 
wavelengths. In particular, as discussed above, the peak optical absorption wavelength range is 

10 determined by the absorption coefficient of the layers of the active area, by selection of the thickness 
t of layers 20-23 to have an absorption peak over the desired operating wavelength range, and by the 
shape of the cavity 26. More specifically the distance d between the upper microbridge detector 
level and the reflective layer 18 is chosen to provide constructive interference properties. However, 
there is a need for detectors and detector arrays, for example, in threat warning applications such as 

15 armored vehicle defense systems and missile warning systems, which can provide a higher 
probabilit}- of detection and reduced false alarm rates by using the detectors and detector arrays over 
two separate and distinct wavelength ranees of operation. For example, there is a need to eliminate 
a problem called contrast inversion which results when objects ha\ ing different temperatures and 
emissiviiies have a same radiant emittance in a spectral band. Accordingly, there is a need to 

20 provide a detector that operates over ai least two wavelength bands. 



Siimniar\' of the Invention 

It is an object of the present invention to provide an improved microbridge detector structure. 
More specifically, it is an object of the present invention to provide a dual-band detector assembly 

25 that detects incident electromagnetic radiation in two separate and distinct operating bands of the 
electromagnetic spectrum. 

According to one aspect of the invention, a dual-band detector device detects incident 
radiation in a first range of wavelengths and in a second range of wavelengths. The dual-band 
detector includes a semiconductor substrate, a first microbridge detector level, and a second 

30 microbridge detector level. The first microbridge detector level is disposed above the semiconductor 
substrate and includes a first sensing element that absorbs incident radiation in the first range of 
wavelengths of incident radiation. The second microbridge detector level is disposed above the 
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semiconductor substrate and includes a second sensing element that absorbs incident radiation in the 
second range of wavelengths. In addition, the dual-band detector includes a first coupling means 
that couples a first detected signal from the first sensing element, in response to the incidem 
radiation in the first range of wavelengths, to the semiconductor substrate, and a second coupling 
5 means that couples a second detected signal from the second sensing element, in response to the 
incidem radiation in the second range of wavelengths, to the semiconductor substrate. 

In one embodiment of the dual-band detector, the second microbridge detector level is 
disposed above the fu^t microbridge detector level. For this embodiment, a reflective layer can be 
disposed on the semiconductor substrate so that a cavit>' exists betw een the first microbridge detector 
) and the reflective layer and a cavit>- exists between the second microbridge detector and the 
reflective layer. Either aitematiN ely or in addition, a reflective layer can also be disposed on die first 
microbridge level, that is transmissive to incident radiation in the first range of wavelengths but 
reflecti^•e to wavelengths in the second range of vva\'elengths. so that a cavit>- exists bem-een the first 
microbridge level and the second microbridge level. In another embodimem of the dual-band 
detector, the first microbridjic detector level is disposed adjacent the second microbridge detector 
level and each of the first microbridge detector le^■el and the second microbridge detector level are 
disposed above a respective reflective layer. With these arrangements, the dual-band, detector can 
detect incident radiation in the first range of wavelengths and in the second range of wavelengths. 
In addition, with these arrangements the dual-band detector can be fabricated using existing 
processing techniques. 

According to another aspect of the invention, a dual-band detector absorbs incident radiation 
in a first range of wavelengths and in a second range of wavelengths. The dual-band detector has 
a semiconductor subsu^te including a detector device that absorbs incident radiation in the first 
range of wavelengths of incidem radiation and a microbridge detector level including a sensing 
elemem that absorbs incident radiation in the second range of wavelengths of the mcident radiation^ 
In addition, the dual-band detector includes a coupling means for coupling a detected signal from 
the sensing elemem to the semiconductor substrate in response to the incident radiation in die second 
range of wavelengths. 

In one embodimem of the dual-band detector the sensing element on the microbridge detector 
level is disposed above the detector in the semiconductor substrate. In another embodiment of the 
dual-band detector, the sensing element on the microbridge detector level and the detector in the 
semiconductor substrate are disposed adjacem to one another. With these arrangements, the 
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dual-band detector can absorb bcidcnt radiation in the first langc of wavelengths and can also absorb 
radiation in the second range of wavelengths. In addition, with these airangcments, the dual-band 
detector can be fabricated using conventional processing techniques. 

^ Prigf Pf^criptign of thg PniT^Ing^ 

Other objects and features of the present invention v*il] become apparent from the following 
detailed description when taken in connection with the following drawings. It is to be understood 
that the drawings are for the purpose of illustraiion onl>- aod are not intended as a definition of the 
limits of the invention. 

10 The foregoing and other objects and advantages will be more full\' appreciated from the 

following drawing in which: 

Fig. 1 illustrates a two-leveJ bolometer detector device having an elevated microbridge 
detector level, according to the related art; 

Fig. 2 is a side elcvational view of a dual-band detecior device according to a first 
15 embodiment of the present inveniion; 

Fig. 3 is a top plan view of an arTa> of dual-band detector devices, according to a second 
embodiment of the present invendon. 

Fig. 4 illusuaics an absorption coefficiem as a fimcuon of wavelength for each of the 
detectors of the dual-band deteaor devices of Figs. 2-3; 

Fig. 5 illustrates a sequence of fabrication steps of the dual-band detector of Fig. 2; 
Fig. 6 illustrates a sequence of fabricanon steps of the dual band detector of Fig 3, 
Fig. 7 illustrates an additional embodiment of a dual-band detector device according to the 
present in\ ention, 

Fig 8 illustrates sull another embodiment of a dual-band detector device according to the 
present invention; 

Fig. 9 illustrates a schemauc diagram of an embodiment of an electronic readout circuit to 
be used with an array of dual-band detectors, according 10 the present invention; 

Fig. 1 0 illustrates a schematic diagram of another embodiment of a readout circuit to be used 
with an array of dual-band detcciors, according to the present invention; 

Fig. 1 1 illustrates a block diagram of an imaging system of the present invention; 
Figs. 12a. 12b and 12c illustrate, respectively, a helmet mounted and a goggle mounted 
configuration of a head mounted embodiment of the imaging s\'Stem of Fig. 1 1 ; 
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Fig. 1 3 illustrates a block diagram of the head mounted imaging system of Figs. 12a and 12b; 
Figs. 14a, Mb and 14c illustrate another embodiment of the imaging system of Fig. 11 w«ch 
is a hand-held imaging system, in particular Fig. 14a illustrates a monocular system and Figs. 
1 4b- 1 4c illustrate a binocular system; 
i Figs. 1 5a and 1 5b illustrate another embodiment of the imaging system of Fig. 1 1 which is 

a weapon sight, in particular Fig. 15a illustrates a top view of the weapon sight and Fig. 15b 
illustrates a block diagram of the weapon sight; 

Figs. 16a and 16b illustrate another embodiment of the imaging system of Fig. 1 1 which is 
a camera'recorder (camcorder), in particular Fig. 16a illustrates a cross-sectional \ iew of the 
camcorder and Fig. 16b illustrates a block diagram of the camcorder; 

Figs. 1 7a and i 7b illustrate yet another embodiment of the imagmg system of Fig. 1 1 which 
IS a microscope, in panicular Fig. 1 7a is a side elevational view o the microscope and Fig. 1 7b is an 
operational block diagram of the microscope; and 

Figs. 1 8a and 1 8b illustrate still another embodiment of the imaging system of Fig. 1 1 which 
is a radiometer-spectrometer system, in particular Fig. 1 8a illustrates a cross-sectional view of the 
imaging radiometer/spectrometer and Fig. 18b illustrates a block diagram of the imaging 
radiometer-spectrometer. 

Detailed Descripti on of the lnv<>nt^ nn 
Fig. : is a side ele\ation view of a dual-band detector device according to a first embodiment 
of the present invemion. It is to be understood that a detector device for this specification is any 
device that includes a sensing element that provides an electrical signal in response to a change in 
temperanire within die sensing elemem. for example as a result of a detected elecu-omagnetic signal. 
The detector device can be. for e.xample. a bolometer detector, a photon detector, a ferroelectric 
detector, a diode detector and the like. It is also to be understood that for this specification a sensing 
element is an>- structure that measures a physical parameter such as for example, temperature, stress, 
and the like. Parts similar to that of Fig. 1 are designated by like reference numbers. 

As discussed above with respect to Fig. 1. the detector device 30 of the present invention has 
a lower level 12 that includes a semiconductor substrate 13 having fabricated thereon components 
of an integrated circuit 15. It is to be appreciated that numerous components such as for example 
diodes, bus lines, connections, contact pads, and the like can be fabricated using conventional 
fabrication technology and that such components are intended. In particular, an electronic readout 
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circuit for a detector or an array of detectors, as will be discussed in more detail below, and such as 
disclosed in co-pending U.S. Patent Application 08/521,266 filed on August 30, 1995. herein 
incorporated by reference, can be disposed in the semiconductor substrate 13 and is intended. 

The embodiment 30 of Fig. 2 includes a first microbridge level 32 disposed vertically above 
5 the substrate 13 and a second microbridge level 34 disposed vertically above both the first 
microbridge level 32 and the substrate 13. It is to be understood that for the specification a 
microbridge is any structure that is suspended above any surface. It is to be appreciated that 
although the embodiment of Fig. 2 illustrates that the first microbridge level is disposed above the 
semiconductor substrate and below the second microbridge level, various alterations and 
10 modifications to this structure are intended to be within the scope of the present invention. For 
example, one alternative is to provide the first microbridge level and the second microbridge level 
adjacent to one another, each disposed above the substrate, such that an array of first and second 
microbridge levels form a checkerboard pattern, as is illustrated in Fig. 3. In particular. Fig. 3 
illustrates a top plan view of an array of dual-band detectors according to a second embodiment 30' 
1 5 of the present invention. 

Each microbridge le\ el 32 and 34. as illustrated in Figs. 2-3. includes a sensing element that 
absorbs incideni electromagnetic radiation over a corresponding wavelength band of interest. In 
addition, in the embodiment 30 of Fig. 2. the second microbridge level 34 allows to pass (or does 
not absorb) electromagnetic radiation outside of the corresponding wavelength band of interest. In 
20 the illustrative embodiments of Figs. 2-3. the second microbridge level 34 preferably has a sensing 
element that absorbs incideni electromagnetic radiation in a long wave (LW) band of interest and 
the first microbridge level 32 preferably has a sensing element that absorbs incident electromagnetic 
radiation in a medium wave (MW) band of interest. For example, the sensing element that absorbs 
incident radiation in the LW band of interest preferably absorbs incident radiation having a 
25 wavelength in a range of 8 to 14 microns and the sensing element that absorbs incident radiation in 
the MW band of interest preferably absorbs incident radiation in a wavelength range from 3 to 5 
microns. 

In the dual-band detector device 30, 30' of Figs. 2-3. the sensing element on the second 
microbridge level 34 is designed for LW operation by choosing appropriate absorbing materials to 
30 be placed in an acii\'e area 3 1 , disposed on the second microbridge level 34, and by selecting a cavits' 
design between the second microbridge level 34 and the reflector 18. For example, silicon nitride 
is one suitable material that can be placed in the active area on the second microbridge level, wherein 
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thc silicon-nitrogen bonds of the silicon nitride provide absorption in a wavelength range of at least 
10 to 12 microns. A distance d, between the second microbridge level and the reflector 1 8 is chosen 
to provide an optical cavit\' between the second microbridge level 34 and the reflector 18 that 
supplements the silicon nitride absorption in the wavelength range of 8 to 1 0 microns. It is to be 
appreciated that, for the embodiment as illustrated in Fig. 2, the distance d, will be less than the 
coiresponding distance in the dual-band detector structure of Fig. 3 since the distance d, is reduced 
slightly to account for an increase in the optical path length provided to the electromagnetic signal, 
that IS not initially absorbed by the second microbridge level 34, as it passes through the first 
microbridge level 32. 

In the illustrative embodiment 30. 30' of Figs. 2-3. the sensing element on the first 
microbridge level 32 is optimized for the MW absorption by a proper choice of absorbing materials 
for an active area 33 placed on the first microbridge level 32. It is to be appreciated that for the 
embodiment of Fig. 2, the first microbridge level also allows to pass (or does not absorb) 
electromagnetic radiation outside of the corresponding wavelength band of interest. For example, 
for the embodiment of Fig. 2 the active area 33 can be fabricated with a custom plasma deposited 
polymer having a low LW absorption characteristic and a high MW absorption characteristic. In 
addition, for each of the embodiments of Figs. 2-3. a distance d; benveen the fu-st microbridge level 
32 and the reflector 18 is optimized to form the optical ca\ it>- in the MW range. The specific value 
of d, is determined to compliment the active area absorption characteristics. 

One alternative embodiment of the dual-band detector of Fig. 2 is lo include the reflector 
18 on the first microbridge level thereby providing a ca\ it> between the first microbridge level 
and the second microbridge level. For this embodiment the reflector 18 should be reflective to 
elecu-omagneiic energy in the L W wavelength band and substantially transmissive to 
electromagnetic energy in the MW wavelength band. The reflector can be made of an>' material 
or any strucnire that is reflective to the LW wavelength band and transmissive to the MW 
wavelength band such as, for example, a mesh or web-type structure or a coating have these 
properties. 

Referring to Fig. 3. still another approach for optimizing each of the first microbridge 
level and the second microbridge level for peak absorption over the desired wavelength operating 
bands, is to optimize the cavity formed between the first microbridge level 32 and the reflector 
18, and the cavity formed between the second microbridge level 34 and the reflector 1 8. In other 
words, the absorbing materials making up the active areas 31 and 33. on each of the first 
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microbridgc level 32 and the second microbridgc level 34, arc selected to absorb incident 
radiation over a broad range of wavelengths (arc not specifically optimized for absorption in the 
desired wavelength band of interest), and the optical cavity absorption characteristics are tailored 
to the wavelength band of interest. For this embodiment any materials that have absoiption 
5 characteristics in the wavelength band of interest are acceptable as an absorbing layer for the 
active areas 3 1 and 33 of the first microbridgc level and the second microbridgc level 

In die illustrative embodiments 30, 30' of Figs. 2-3 each of the first microbridgc level and 
the second microbridgc Je^'cl are also provided with a respective high ihcrmal coefficient of 
resistance (ICR) material 35 and 37. The absorbing layer making up the active areas 33 and 31 
10 and the respective high ICR material 35. 37 on each of the firs: microbridgc level and the second 
microbridgc level act together to absorb incident radiation in the band of interest and lo con\ crt 
the absorbed radiation lo heat. More specifically, the absorbed radiauon produces a lemperature 
change in the high TCR material v/hich is sensed by measuring a resistance change of ihe high 
ICR material. 

5 Fig 4. illustrates a performance of the dual-band dcicctor dc\iccs 30, 30' of Figs. 2-3 and 

more specifjcally an absorption sensitivity, normalized to a range of 0 to 1. as a function of 
wavelength for each of the first microbridgc level 32 and the second microbridgc level 34. As 
illustrated in Fig. 4, the first microbridgc level 32 absorbs incident electromagnetic radiation in a 
first range of >\-avclcngihs and the second microbridgc level ?4 absorbs incideni 
0 electromagnetic radiation in a second range of wavelengths A.. Ii is to be appreciated, as 

discussed above, that for the embodiment oi the dual-band detector illustrated in Fig. 2, outside 
of the wavelength bands of interest A, and A., the first microbndge le\el and the second 
microbridgc level pass the incident electromagnetic radiation or in other words do not absorb the 
incident electromagnetic radiation. It is also to be appreciated that for the embodiment of Fig. 3, 
the first microbridgc level and the second microbndge le\'el need not pass the electromagnetic 
radiation outside of the wa\elcngth band of interest^ although they can be desig;ned to do so if 
desired. It is to be appreciated thai a spacing (S) between the first wavelength band of interest 
A, and the second wavelength band of interest A. can be varied to achieve absorption over two 
different wavelength bands of interest and that the spacing S is not limited to any particular 
value. It is also to be appreciated that the spacing S should at a minimum be a distance such thai 
a desired rejection exists between the first microbndge operating at the first wavelength band of 
interest and the second mtcrobridge operating at the second v^-avelengih band of interest. 
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Fabrication of the duaJ-band detector structure 30, 30' of Figs. 2-3 utilizes existing 
n«crx,br,dge pn,cessi.>g techniques uith the add.t,on of process steps taUo^d to provide t.. 
-robndge detector levels operatu^g over two wavelength battds. It. par^cular. fabrication of 
^-^^-ntofthed^^^^^ 

«dthe ^'-'P-entsthroughconstn,ct:onofthclo.ertnicrobridgele.ve,32,.iU.u.^^^^ 
beang customized for absorpuoo of ir^cidcnt radiation .n the .vn.' range. Additional process 
st^s are also provided to fabncate ^e second tn.cobridge ,evcl 3.. More specifically, refening 

loFtg. -sequenccoffabncauonsteps for the dual-band detector stnicn«30ofFig 2isnow 
described * « "i^w 

'0 ^;"-^«^^P----fthesmconn.tridelayerl6onthelou^i^^^^ 

18 of reflect, e :r.a,enal. for example such a nieul tllm Pt or Au. is deposited. Cohsm^cti, " 
the loue. r.,crobndgc levei and the upper trucrobridge level 3A is then comn.enced A 
sacnficl layer (.oc she.., hav.ng a :h,ckness d, for example phos-glas. undoped glass oranv 
other cas.,y soluble n:«cna,. i. deposucd o. rop of the silicon stride layer 16 and sloped .^Is ' 
15 .6 and 30 axe provided in ±. sacrificial layer The vertical distance d. bemeen the first 
microbridge level 32 and the retlectn e layer 1 S is pro>.ded so tha: the reflected ,ncidem 
elecuon,agn.:K rad.ation fron, layer 1 8 is reflected toward the f.st microbridge level 32 and has 
construcuve mterfercnce proper.es such that absorption ,s achieved over the MW range of 
electromagnetic radiation. A first sil.con nitride base layer 20. 20' is then deposited on the 
0 sloped walls 36. 36- and on the first .icrobndge level 32. A resistive fito laver 35. having a 
high TCR, .5 tlien deposited on the first microbridge levei 32, and connections from the first 
-.crobndge level 32 do.vn to contact pads (not ,IIustrated> on level 12 are then provided in the 
form of conductive legs disposed in sloped walls 36 and 36-. The active area 33 is completed 
With a stUcon nitride passivation layer 22, 22" deposited to cover the layers 35 and 20 on the first 
-crobr^dge level 32 and the sloped walls 36. 36'. A thtn fito absorbing layer 23 can optionally 
be deposited on top of the silicon nitride passivation layer 22. 

These steps are then repeated to pro^^dc the second microbridge level 34 b a similar 
mamtcr. In particular, a second sacrificial layer (not sho..t,). for example phos-glass. undoped 
glass, or any other easily soluble material, having a thickness d,-d, is deposited on top of the first 
mtcrobndge level 32 and sloped walls 38 and 38- arc provided in the second sacrificial layer As 
discussed above, the venical distance d. bet>..een the second microbridge level 34 and the 
reflective layer 1 8 is chosen so that refiected electromagnetic radiation from laver 1 8 is r^fleaed 
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toward the second microbridge level 34 to provide construciivc interference uith the cncrg) 
imtially incident on layer 34, for the band of interest. A silicon nitride layer 40, 40' is then 
deposited on the sloped walls 38, 38' and on the second microbridge level 34. A resistive film 
layer 37 having a high TCR is then deposited on the second microbridge level 34, and 
3 appropriate connections from the second microbridge le^'ci 34 down to coniaci pads (not 

illusxraied ) on the semiconductor substrate level 12 are provided in the form of conductive legs 
disposed in sloped walls 38 and 38'. The active area 31 is completed with a silicon nitride 
passivation layer 44, 44* disposed on top of the silicon nitride layer 40, 40' and the high TCR 
material 37 A thm film absorbing layer 46 can optionally be deposited on the silicon nitride 
1 0 passivation 1 ay cr 44 . 

The first and second sacriilcial layers of undoped glass or other easily soluble material 
are then dissoh ed from beneath the first microfaridge level 32 and the second microbridge level 
34 to form the optical cavities ha\ ing the distance ± and d, between the reflective layer 18 and 
the respective microbridge levels 34 and 32. 
15 As illustrated in Fig. 5, the conductive legs, disposed in sloped walls 36 and 36' and 

sloped walls 38 and 38\ provide contact between the first microbridge level 32 and the substrate 
l€ve! 12 as well as between the second microbridge level 34 and the substrate 12. The 
conductive legs allow the second microbridge level and the first microbridge level to be 
independent]}- addressed and thus allow any one of simultaneous or sequential coupling of a 
0 sensed signal from the second microbridge level 34 and a sensed signal from the first 

microbridge level 32, lo the substrate level 12. However, it is also to be appreciated that any 
contact structure knou-n to one of ordinar)* skill in the ait is within the scope of the present 
invention and is intended For example, the contact structure can be standard etched contacts or 
filled vias such as disclosed in Fig. 2. .An advantage of the etched contacts or filled \ias 
S disclosed in Fig. 2 is diat significant space is saved in the fabrication of the diaal-band, 

multi-level detector device. In addition, the etched contacts or filled vias provide the structural 
support for the first microbridge level 32 and the second microbridge level 34 and allow the first 
microbridge level 32 and the second microbridge level 34 to be independently addressed to 
provide either one of simultaneous or sequential MW and LW sensed signal data to the substrate 
level 12. 

The embodiment 30' of the dual-band detector of Fig. 3 can also be fabricated utilizing 
the process as disclosed in the '976 and '915 patents, with distances dj and d: being customized 
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fc^^on of i^<ta„ ^iiato, i. LW«,d MW bands of i„«.su «sp«mx,v vto„ 
»«se.lly, «iHta8 » Fig. 6, . «,„«Ke of flWcaion «^ for 4e „f 
Fig. J will now be described. 

1^ luvu* . a,ict,«s for a» fi„, „icoWdg. lev,, 32 and to^ a 4idcnc« d, f„, B„ 
«ond „,icrobndj. ,ovd 3,, fc, ^^^^ ^ 

•^1. « deposited on ,op of d>e sUicon ™ondc layer ,6. Sloped walls 36. 36' and 3S 38- „ 
«^ provded In *e saoifida. layer. A fos, level silicon ™,de layer 20. 20- is d» deputed 
.» »» Sloped .^is 3.. 3.. and 3S. 3S- ,0 for. a base for each of d,e «,s, „,croWd^ 3, 
a«i th. s.co«i ™icobrid.e level U. respeciveiy, ,e,pe.„ve resis,iv. lavers 35 -,7 

!»™,rhel^ghTCRa,e,he„dcpos,,edo„eaol,of*efc.»croWd,eie,,132.»d,,«:e;o„, 
"»cn>b„d8e te, 34. and eonneedons ftom eaeh of d„ f,„, ^„oWj,. ^ -econd 
n^crobndge lev-el dovv. ,0 conue, pads «■ illusua,ed) o„ ievel ,2 are provided in d„ ,0™ „f 
conduce, less disposed ,„ .he .loped .^1, 36. 36' and 38, 38- Tie respcem-e acdve areas =3 
3i « coniplered wift a s,„eon miride passivauon layer 22, 22' d.p„s,-«. ,. co>« *e resUave ' ■ 

fl^lay„a„dU.,ef„s. silicon „,„ide,ave, on e.ehof*ef..,n,ic,»«gel.«l and d^seco^ 
^crcbndge ievel. as well as ,he sloped walls. An op^ooal. respeciv. ^ „,„ abso,b.ng lave. 
46 can also be deposned on ,op of dK silicon nitride passivation layer, on ead, of u,e fi,,-' 
.0 microbridse level and .he second .,c«>bridge level. Tbe fa, a„4 second sacrifice lavers of 
P^os-giass or „,hereas,,ysolob,e.a,enal.ed,,n dissolved l.on,b«>ea,hd.e firs, ™;.,bri^^ 

^andd,e second „,crob„dge level ,ofo™,»e cavities 26 bavi„,a,esp.om,dis=^ed,«Kl 
. b«v.«n d,e ^neciv. layer , 8 and d>e second m,c,obddge lev,l. and be».e„ ^.e reflective 
layer 18 and 4e firs, n.icrobndge level. 

» Fig. 7 illuswtes a.od.e, e™bod™em of a duj.ba„d d«.ctor device 48, accrting ,» 

p«sen, mvenuon. Pam sMlar ,0 desmbed above are pn„id.d wia, like 
n™«als. in u,e iu^^ve e»bod,me„, of Fig. 7, d>e d«U band d«eaor48 isprovided «<4 . 
~8elevel ,1 .™|„,,.,,„„^^^„,,„^^^^^^^^^^^_^^__ 

^ .flrsrbandof^velengrhs. He micbridgelev^el 11 is disposed above od..e«in,.,en.n, 
» SOmd^subnrare "-hieh deieou incden, elec»n^c ^iiation in„e.o«ib«K,of 
«velengdu. In d,e iUusnative embodimen, of Fig. 7. ihe sensing elemem on fts, 
■nicrobndge level 1 1 pefe,>bly delecB incident ,«liaSon in an infaied (IR) band of 
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wavelengths, for example incident radiation having a wavelength in a range of 8 to 14 microns, 
and the detector element 50 preferably detects incident electromagnetic radiation in a visible 
range of wavelengths. For example, the detector element 50 may be a semiconductor detector 
that detects visible light in a manner such as known in the art of charge coupled devices (CCDs). 
5 In a preferred embodiment, the visible detector element 50 is a CCD having a photo gate 52 
disposed above the insulating layer 16 on the substrate 13 and is biased to provide a depiction 
region 54 underneath the gate and in the semiconductor substrate 13, which collects charge 
created within the substrate 13 by absorption of visible light in the second band of wavelengths. 
The collected charge is periodically sampled using any number of knounn techniques used in the 

10 art of CCD or CMOS switched circuits, as uill be discussed in more detail below. 

It is to be appreciated that although one illustrative embodiment of a dual-band sensor 
operating in the IR range and in the visible range has been illustrated in Fig. 7. various alterations 
and modifications can be made and are intended to be within the scope of the present invention. 
For example, one altemati\ e embodiment is to provide the detector element 50 adjacent the IR 

15 detector on a microbridge structure 1 1 as illustrated in Fig. 8. The dual-band sensor of Fig. 8. 
when placed in an array will form a checkerboard pattern such as illustrated in Fig. 3. For this 
embodiment, it is to be appreciated thai the IR detector on the microbridge element can be 
provided with a reflector 18 disposed below the microbridge level, to provide a cax ity lo enhance 
absorption over the IR band of wavelengths. Another altemati\ e embodiment is to backside 

20 illuminate the detector device 50 of Fig. 7 so that the second microbridge level 1 1 need not pass 
incident electromagnetic radiation in the visible operating range. Still another alternative 
embodiment is to use a photodiode or any other semiconductor device instead of a CCD in cither 
of the above configurations, that collects charge as a result of absorption of visible light in the 
second band of wavelengths. 

25 Although the above description with respect to Figs. 2-8 has been in terms of individual 

detector devices, the invention is also directed to an array assembly, in particular to an array in 
the in x and y dimensions of a plurality of dual-band detector devices thereby forming a focal 
plane array of dual-band detectors. In particular, the focal plane array of the dual-band detector 
devices can include any of the dual-band detector devices discussed above and illustrated in Figs. 

30 2-8. 

As discussed above, the semiconductor substrate can be provided with read-out circuitr>' 
such as described in co-pending U.S. Patent application No. 08/521,266. entitled "Bolometric 
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Focal Plane .^y" filed on August 30. 1995. F.g. 9 illustrates a schematic diagram of an 
embodiment 59 of an el«:aonic readout ciicuit to be used ^ith an array of dual-band deteaois 
such as illustrated in Figs. 2-3 according to the present invention. The electronic readout 
circuito- 59 of Fig. 9 is similar to that of co-pending U.S. Patent appJicarion No. 08/52 U66 
5 except that each unit cell 6] , 63. 65, 67 associated with each dual-band detector has respective 
cucintry to s^^itch the detector ,n the first operating band and also to switch the detector m the 
second operates band In particuJar. the electronic readout circuit 59 periodically pulses each of 
the detectors 34 for the first operating band of wavelengths and each of the detectors 32 for the 
second operaung band of wavelengths, and measures a signal resulting from radiation induced 
3 changes m each of the detectors. In a preferred embodnnent. the second operaung band of 
wa^•eIe„|tn5 arc .n the MW band of interest and the first operating band of wavelengths are in 
the L W band of interest. For example, the electronic readout circuit 59 can be used with an arra>' 
of detectors as illustrated in figs. 2-3. to pulse and measure the .nduced signal from each of the 
LW and the MW detectors. 

In Lhe embodin:em of Fig. 9. the readout circuit preferably uses a common detector line 
60 which is common to both the detectors in the first operating band of wavelengths and the 
detectors ,n ihe second operating band of wavelengths, and also uses separate row enable lines 
62. 64. 68. 70. 72, 74, 76. 78 and column circuim- 66. 69 to turn on the detectors in the first 
operating band of wavelengths and to turn on the detectors in the second operating band of 
wavelengths, sequentially U is to be apprecaied that although one pairicular embodiment of 
readout circuit^^• has been illustrate j in Fig. 9. various alterations and modifications know,, ,o 
those skilled in the an can be maie and are intended. For example, one modification is to use 
one column circuit and one row select line for the detectors in the first operating band and the 
detectors in the second operating band, but at different times. In addition, an alternative 
embodiment i$ ,o provide independent circuit:,- for each of the detectors in the first operating 
band and each of xhe detectors in the second operating band. 

Refening nowto Fig. 10. there is disclosed a schematic diagram of a readout circuit 101 
to be used «ith an array of dual band detectors according to an alternate embodimcm of the 
present invention. The electronic readout circuit 101 can be used »ith an anay of deteaors as 
illustrated in Figs. 7-8. wterein each unit cell 80. 81. 82. 83 is associated with a corresponding 
dual band detector such as illustrated in Fig. 7. Each unit cell 80. 81, 82, 83 contains readout 
circuitry for the IR sensing element and the visible detector 50 of the dual-band detector of Fig. 
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7-8. 

More spccificaDy, according to the illusiraiivc embodiment of Fig. 10. there are di£Fercm 
column lines 84 and 86 and different column circuitry 88, 89 and 90, 91 for each of the infiarcd 
detector and the visible detector, respectively. A common row select line 92, 96 is shared to 
5 select a roM^ of detectors, which are in mm multiplexed onto colunm lines 84 and 86 which are 
shared among the rows. The readout circuit for the IR sensing element of the dual band detector 
of Figs. 7-8, is illustrated as a single suiich within each detector cell 80, 8 1, 82, 83. For the 
\isible detector 50 of the dual band detector of Figs, 7-8. the readout circuit includes a detector 
98 and a readout circuit 100 within each unit ccU 80, 81. 82. 83. The readout circuit 100 includes 
3 a transistor T, . which is a source follower amplifier for sampling the voltage signal on capacitor 
Cj, and which is one approach to sample the detected signal from detector 98. However as is 
known to those of ordinary' skill in the an. many possible approaches and circuits exisi lo sample 
a signal from a CCD dev ice and such alterations and modification arc intended to be within the 
scope of the present invention Once the readout circuit ] 00 has sampled the voltage on the 
deteaor 98, the detector capacitor C, is reset by switch S3. 

It IS to be appreciated that an uncooled focal plane anay 1 02 of the present invention can 
be used in an imaging system 104, such as illustrated in the block diagram of Fig. 1 1 . With the 
imaging sj'stem of Fig. 1 1 , electromagnetic radiation in two operating uavclengih bands such as, 
for example, infrared radiation in a wavelength ranges of 8- 1 4 and 5-5 nm. incident upon the 
optics 106. is focussed by the optics such as. for example, a lens 10 pro\ ide a focusscd 
elcco-omagnetic signal at output 30?. The focusscd elecu-omagneiic signaJ is imaged onto the 
uncooled focal plane anay 102. The focaJ plane array convens the focusscd electiomagnetic 
signal to a plurality of sensed signals that are output on medium ] 09, to a focaj plane array 
processor 108. The focal plane anay processor 108 processes the plurality of sensed signals such 
as. for example, by digitizing the plurality of sensed signals to provide a plurality of processed 
signals and by adjusting the plurality of processed signals for any differences m gain or other 
non-uniformities between the plurality of dual-band detector devices of the focal plane array. 
The pluraliT)' of processed signals arc then output on medium U 1 to a display processor 1 10. 
The display processor reformats the plurality of processed signals into a plurality of display 
signals in a formal suitable for display on display 112. and outputs the display signals to the 
display on medium 113. It is to be appreciated that the display processor may perform any 
display processing of the processed signals known to one of ordinary skill in the ait such as, for 
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example. rcfomi«ting for the display signals, eliminatmg bad pixel data, focus adjustment 
«ldn,on of symbols and^r other infomaation to the display sigaaJs. adjustment of brighta«s 
and'or contrast, and the like. A controUcr 1 14 provides auton^c and/or manual contxcl of the 
display processor to allow automatic and'or manual adjustment of the various displav parameters 
5 ^^h^forexamplc.thebrightness.thecontrast.addingsymbois.andthcJ.ke. The .magmg 
system is powered by supply electronics 116 which may include any one of a battery , an AC 
power supply, ©r a DC power suppjj . 

Tleimaging .systemofFig. U generally provides a 2-dm,ensionaJ real-time displav of an 
itnage for an operator of the system to view. For example, in a preferred embodiment of the 
10 '"aging system ofthe present in^mion, the uncooled focal plane anay 1 03 is configured to 
operate over at least one infrared (IR) wavelength b^d of interest, ^-iih this system, the 
operator can view thermal signatures of objects andor scenen under conditions « here the 
human eye would not nomially be able to see the objects and or scenery. For example, the 
imaging system may be used at night, in the day uithout washout conditions, m the presence of 
1 5 smoke, or in degraded weather conditions. 

One example of a theiraa] -imaging system ir v%tich the focal plane array of the prcsem 
invention can be utilized is a head mounted imaging sv-stem 120 as iUustrated ui Figs. i*2a-12c. 
Fig. 12a illustrates a helme: mounted configuration of the head mounted imaging system. Fig. 
12b illustrates a goggle configuration of the head mounted imaging system, and Fig. 12c 
0 illustrates an exploded view of the goggle configuration of Fig. 12b. 

Fig. 13 illustrates a block diagram of the head mounted imaging system 120 of Figs. 12a- 
I2c. It is to be appreciated that parts similar to the imaging synem illustrated in Fig. 1 1 have 
been identified -wth similar reference numbers and any description of these pans is not repeated 
here. With the head mounted imaging system of Fig 1 3. an electromagnetic signal in two 
■> wavelength operating bands is focussed by the optics 106 onto the focal plane array 102. Tht 
focal plane aiTa>- 1 02 is temperamre stabilized with the aid of temperamre stabilizing circuitiy 
124 contained ^.iihin the focal plane array processor 108. focal plane array 102 converts the 
focussed signals into sensed signals and outputs the pJuralii>' of the sensed signals to the focal 
plane array processor 108. The focal plane array processor amplifies and digitizes each of the 
plurality of sensed signals uith a preamplifier and analog-to-digital convener 126. and ouipuu a 
plurality of processed signals to the display processor 1 10. The focal plane array processor also 
includes a programmable logic device 128 that processes the pluralit>- of processed signals to 
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coiTCci any offsets or gain differences between the plurality of processed signals to eliminate any 
bad signaJ data, a PROM timing block 180, an oscillator clock 182, and a PROM non-unifoimitj' 
block 1 84. The display processor reformats the corrected signals and converts the corrcacd 
signals to an analog signal via a digital-to*anaiog converter 1 30, so that the anaJog signal is in a 
5 format suitable for display. A display driver 132 then outputs the analog signal to the display 
II 2 for display to the user. 

As discussed above, the controller 114 provides automatic andor manual conaol of the 
display processor to provide automatic and/or manual adjusmient of various display parameters. 
The conuroller of the head mounted system includes switches 1 ! S in a control panel, and a 
10 microprocessor 117. In addition, the supply electronics 1 16 includes batteries 1 19, or a 
connector for external power 121 , as well as power conditioning circuitry 123. Further, the 
display processor 1 1 0 reformats the pluralit}' of processed signals into the displa> signal and 
includes a symbology generator 125 for providing symbols on the display. 

In a preferred embodiment of the head mounted system 120, the focal plane array 102 is 
15 operated in at least one IRwaxelengih band, for example over the 8-14 :mrange. In addition, ihe 
display 1 12 can be cither a one e\'e or two eye display for the system user, and can be adjusted 
with the aid of the controller 114, In a preferred embodiment, the focal plane array processor 
108 and the display 1 12 are mounted tn the helmet or within the face mounted goggles. In 
addition, the display processor 1 10, the controller 1 14, and the suppi> 1 16 are provided in a unit 
0 that can be vest mounted. However, it is to be appreciated that any variation known lo one of 
ordinary skill in the art. such as for example, mounting each of the above in the helmet or 
goggles, is contemplated and intended to be within the scope of the present invention. 

An advantage of the bead-mounted imaging s>'stem is that it is a self-contained, portable 
unit having a reduced size, weight and power consumption. In particular, the focal plane ana)- 
does not require cooling, or mechanical scanners or choppers as required by prior an devices. In 
addition, the head mounted system can operate in darkness, in the daytime without washout in 
contrast to prior art devices that use an unage intensificr tube, can penetrate smoke, and the like. 
Further, for the reasons discussed above with respect to the bolometer detector device and the 
focal plane array, the head mounted system has an improved reliabilit)' and sensiti\it\' as 
compared to the prior an dc\ices. 

Another example of an imagmg system using die focal plane array of the present 
invention is a hand-held imaging system such as is illustrated in Figs. 14a. 14b and 14c. The 
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hand-held imaging s>-stem can be a monocular system 1 34, such as iUustraied in Fig. 14a or a 
binocular sy«em 136 such as Ulustraxed in Figs. 14b and 1 4c. It is to be appreciated that parts 
similar to the imaging s>-5tem of Fig. 1 1 are labeled v.itii similar reference numbers, and any 
description of these elements is not repeated; The monocular system of Fig. 14a includes a 
3 uindow 127 and may have a filter 122 disposed in from of the optics !06. and a focus ring 129 
that focuses the incident electromagnetic radiation onto the optics. In addition, the display 1 12 
includes an eye piece 1 3 1 *-hich acts in combination v,ixh a CRT or FPD 1 33 to provide the 
display. The eye piece display 1 12 also has a diopter adjustraeni 135. and a focus knob 137, as 
taov.-n to one of ordinary skill in the art In a preferred embodiment of the hand-held imaging 
10 system of F.gs. 14a. 14b and 14c, the supply elecaonics 116 .s a batten , and the focal plane 
array operates over at least one IR \* avelengih range to yield a long range IR telescope or 
binoculars that can be used m darkness, u, daylight, to penetrate smoke, and the like. In addition, 
the long range telescope and binoculars are self-contained units having a reduced side, weight 
and power consumption, while p.^oviding an increased reliability and sensitivity. 
'5 A ftjrther example of an imaging system that may use the focal plane anay 1 02 of the 

present invention is a weapon sight 140. such as is illustrated in Figs. !5a-I5b. Fig. 1 5a 
illustrates a top vievs of thr u capon sighi according to the present invention, and Fig. 15b 
illustrates a block diagram of the weapon sighi of Fig. :5a. It is to be appreciated that pars 
similar lo the imaging system of Fig. 1 1 are identified with shnilar reference numbers, and any 
20 description -Jiereof is not repeated. The wcapo.n sight also includes a cover 1 39 thai covers the 
lens 106. a focus ring 129 for iidjustmg the focus of the focused signals from the tens 106 onto 
the focal plane array 102, a compass 141 . and a global positioning system (GPS) antenna 143. 
Tne display processor 1 10 includes additional clcctromcs for processing die GPS signal and the 
compass informauon. In a preferred embodiment of the weapon sight of Figs. 15a-15b. the 
25 optical lens 1 06 also includes a filter 1 22, the supply electronics 1 16 are batteries, and the 
display 1 ] 2 includes the eye piece 1 31 . a CRT or FPD 133, and a focus adjusaient knob 135. 
The preferred embodiment of the focal plane anay is operated in at least one desired IR 
wavelength band of interest lo provide a long-range weapon sight, such as a rifle mount, that can 
be used to penetrate darkness, to penetrate smoke, can be used in the daythne, and the like. In 
30 addition, the weapon sight 140 of the present invention is a self-contained unit ha\'ing a reduced 
size, weight, and power consumption, wMe providing an inoeased reliabilit>- and sensitivitj-. 

Still another imaging system that may use the focal plane array of the present invention is 
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a miniature camera/recorder (hereinafter a "camcorder**) 150 such as is illustrated in Figs. 16a- 
16b. Fig. 1 6a illustrates a cross-sectional view of the camcorder, and Fig. 1 6b is a block diagram 
of the camcorder. It is to be appreciated that parts similar to the imaging system of Fig. 1 1 are 
identified v,ith similar reference numbers, and any description thereof is not repeated. The 
5 camcorder includes a recorder 152 for recording signals on a suitable recording medium 1 54. It 
is to be appreciated that the recording medium can be any recording medium known to one of 
ordinary skill in the art such as a magnetic recording tape of a VHS, 8mm, or BETA format. In a 
preferred embodiment of the camcorder, the display 1 12 includes a view- finder 1 45 as well as a 
CRT or FPD 133. In addition, in the preferred embodiment the supply clccironics 1 16 is a 
) rechargeable bancrj' pack, and the controller 1 14 includes control knobs 147 and elecuonics for 
re^^^nding, fast forwarding, and playing back the recording medium. Further, in tiic preferred 
embodiment the focal plane array 102 is used in at least one IR wavelength band of inierest to 
provide a long-range camcorder that can be used ai night, in the da>Time, to penetrate smoke or 
inclement weather, and the like. In addiiiorij the camcorder of Figs. 1 6a, 16b js a sclf-coniaincd 
unit having a reduced size, weight and power consumption and also having an increased 
reliability and sensiiivit}-. 

Yet another embodiment of an imaging system that may use the focal plane arTa>* of the 
present invention is a microscope 1 60 such as is illustrated in Figs. 1 7a-l 7b. Figs, 1 7a and 1 7b 
illusirate yet another embodiment of the imaging system of Fig, 1 1 which is a microscope, in 
particular Fig. 1 7a is a side elevationaJ view of the microscope and Fig. 1 7b is a block diagram 
of the microscope, li is to be appreciated that pans similar to the imaging system of Fig. 1 1 arc 
identified with similar reference numbers and that any description thereof is not repeated. The 
microscope includes a microscope base 153 ha\'ing a position adjuster 155, and a specimen or 
integrated circuit mask 151 which is backlit by a light source 149, as is known to those of skill in 
the an. In a preferred embodiment of the microscope of Figs. 17a* 17b, the display 1 12 includes 
a CRT or FPD 133, the controller 1 14 includes manual control knobs 147 and the optics 106 
includes a front surface mirror 1 57. In addition, the preferred embodiment the focal plane array 
can be used over a pluralit>' of IR u-avelength bands of interest, for example, from 3-5 ^m, from 
8-12 ]XTCL or in the \isible range of wavelengths with the aid of filter 1 59 to provide 
multi-spectral images ^^ith the microscope. 

StilU another imaging system that may use the focal plane array of the present invention 
is the imaging radiometer/spectrometer such as is illustrated in Figs. 1 8a-18b. Fig. ISa illustrates 
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a cross-sectional wew of the imagiDg radiometer/spectrometer 1 70, and Fig. 1 8b illustrates a 
block diagzara of the imaging radiometer/spectrometer. It is to be appreciated that pans similar 
to the imaging system of Fig. 1 1 are identified widi similar reference numbers and any 
description thereof is not repeated. In the imaging radiometer/specmjmctcr. the lens 1 06 can be 
: either one of a spectral-splitting lens 172, wmch is used to provide a spectrometer, and an 
imaging lens 174 that is used to provide the radiometer. The imaging radiometer is used to 
measure a temperanire of a scene on which the radiometer is focusscd, and the spectrometer is 
used to measure an energy or power emined by the scene as a function of the wavelength at 
which the scene is emitting the elecn-omagnctic signal. 

The radiometer/spectrometer also includes a lens mount 161 for mounting eithtr of the 
spectral-splitting lens 1 72 and the imagmg lens 1 74. and a tripod mount 1 63 for mounting the 
radiometer/spectrometer to a tripod. In the prefened embodiment of the 

radiometer/speciromeier, the display 1 12 includes a CRT or FPD 133. the controller 1 14 includes 
manual control knobs 147. and the supply elecn-onics includes rechargeable batteries 163 asNvell 
as a 1 10 voh AC connector 165. In addition, the focal plane airay is used in at least one IR 
wavelength band of interest to pronde a long-range radiometer spectrometer that can be used at 
mght, in the daytime wj-jiout washout, to penetrate smoke, and to penetrate inclcmcni u-calhcr. 
Further, the radiometer/ spectrometer is a self-contamed unit having a reduced size, weight and 
power consumption while also having an increased reliabiluv and sensitivity. 

Having thus described several panicular embodiments of the invention, various 
alterations, modifjcations. and improvements will readil>' occur to those skilled m the art. Such 
alteraaons. modifications, and improvements are intended to be pan of this disclosure, and are 
mtended to be within the spirit and scope of the mvention. Accordingly, the foregoing 
description is by ;vay of example only and is limited only as defined in the following claims and 
the equivalents thereto. 
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CLAIMS 

1 . A dual-band detector, comprising: 

a semiconductor substrate including a detector device that absorbs incident radiation in a first 
band of wavelengths of incident radiation;, and 
5 a microbridge detector level including a sensing element that absorbs incident radiation in 

a second band of wavelengths of the incident radiation; and 

means for coupling a detected signal in response to the absorbed incident radiation in the 
second range of wavelengths, from the sensing element to the semiconductor subsu-ate. 

10 2. The dual-band detector of claim 1 . wherein the microbridge detector level is disposed 

above the detector device and is substantiall>' transmissive to electromagnetic radiation in the first 
band of wavelengths. 

3. The dual-band detector of claim 1 . wherein the microbridge detector level is disposed 
15 adjacent the detector device. 

4. The dual-band detector of claim 3. further comprising a reflective layer disposed on 
the semiconductor substrate below the microbridge detector level, wherein a distance between the 
microbridge detector level and the reflective layer is selected so as to enhance absorption of the 

20 incident radiation in the second ranee of wavelengths. 

5. The dual-band detector of claim 1, wherein the means for coupling includes 
downwardly extending leg ponions which are a continuation of the microbridge detector level and 
which support the microbridge detector level above the semiconductor substrate so that a thermal 

25 isolation gap exists between the microbridge detector level and the semiconductor substrate; and 
electrically conductive paths included within said downwardly extending leg portions 
connecting the sensing element to the semiconductor substrate. 

6. The dual-band detector of claim 1 , wherein the means for coupling comprises etched 
30 contacts which vertically extend from the microbridge detector level to the semiconductor substrate 

and which support the microbridge detector level above the semiconductor substrate so that a 
thermal isolation gap exists between the microbridge detector level and the semiconductor substrate. 
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7. The dual-band detector of claims 2 or 3, wherein the sensing element includes a thin 
film layer of temperature responsive resistive material. 

8. The dual-band detector of claim 6, wherein the sensing element includes a layer of 
absorptive materia! which has peak absorption characteristics in the second band of wavelengths. 

9. The dual-band detector of claim 1 , wherein the detector device is a charge coupled 
device sensor disposed in the semiconductor substrate. 

10. The dual-band detector of claim 1. wherein the semiconductor substrate further 

comprises: 

means for pulsing the sensing element: and 

means for sampling a signal provided by each of the detector device and the sensing element 
in response to the incident energy in the corresponding first band of «a\elengths and the second 
band of wavelengths. 

11. The dual-band detector of claim 1. wherein the semiconductor substrate further 
comprises an integrated circuit disposed uithin the semiconductor substrate, that pulses the sensing 
elemem and that samples a signal provided by each of the detector de\ ice and the sensing elemem. 
m response to the incident radiation in each of the respective first band of wavelengths and the 
second band of wavelengths. 



12. The dual-band detector of claim 1 . wherein the first band of wavelengths is in a range 
between 0.4 and 0.8 microns. 



13. The dual-band detector of claim 1 , wherein the second band of wavelengths is in a 
range between and 8 and 14 microns. 

14. A dual-band detector, comprising: 
a semiconductor substrate; 

a first microbridge detector disposed above the semiconductor substrate, the first microbridge 
detector including a first sensing elemem that absorbs incidem radiation in a first range of 



wo 97/18589 PCT/US96/18d30 

-23- 

wavelengths of incident radiation; 

a second microbridge detector disposed above the semiconductor substrate, the second 
microbridge detector including a second sensing element that absorbs incident energy in a second 
range of wavelengths of the incident radiation; 
5 a fu-st means for coupling a first detected signal from the first sensing element, in response 

to the incident radiation in the first range of wavelengths, to the semiconductor substrate; and 

a second means for coupling a second detected signal from the second sensing element, in 
response to incident radiation in the second range of wavelengths, to the semiconductor substrate. 

10 15. The dual-band detector of claim 14, wherein the second microbridge detector 

including the second sensing element is substantially transmissive to incident energy outside the 
second range of wavelengths, wherein the first microbridge detector including the first sensing 
element is substantially transmissive to incident radiation outside the first range of wavelengths, and 
wherein the second microbridge detector including the second sensing element is disposed above 

15 the first microbridge detector including the first sensing element. 

16. The dual-band deiector as claimed in claim 15. further comprising a reflective layer 
disposed on the first microbridge detector level below the second microbridge detector level so that 
a distance between the second microbridge detector level and the reflective layer enhances 

20 absorption of the incident radiation in the second range of wavelengths by the second sensing 
element. 

17. The dual-band detector as claimed in claim 1 4, w^herein the first microbridge detector 
including the first sensing element is disposed adjacent the second microbridge detector including 

25 the second sensing element. 

18. The dual-band detector of claim 1 4, wherein the first sensing element includes a thin 
film layer of temperature responsive resistive material. 



30 



1 9. The dual-band detector of claim 1 8, wherein the fu-st sensing element includes a layer 
of absorptive material which has peak absorption characteristics in the first range of wavelengths. 
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20. The dual-band detector of claim 1 8. wherein the second sensing element includes a 
thin film layer of temperature responsive resistive material. 

21. The dual-band detector of claim 20, wherein the second sensing element includes a 
layer of absorptive material which has peak absorption characteristics in the second range of 
wavelengths. 



22. The dual-band deiecior of claim 1 4, further comprising a reflective layer disposed on 
the semiconductor substrate below the first microbridge detector level and the second microbridge 
10 detector level, wherein a first distance between the first microbridge detector level and the reflectiv 
layer enhances absorption of the incidem radiation in the first range of wavelengths and wherein a 
second distance between the second microbridge detector level and the reflective layer enhances 
absorption of the incident radiation in the second range of wavelengths. 



e 



15 23. The dual-band, detector of claim 14, wherein the first range of wavelengths is in a 

range of 3-5 microns. 

24. The dual-band, detector of claim 1 4. wherein the second range of wavelengths is in 
a ranee of 8-14 microns. 

20 

25. The dual-band, detector of claim 1 4, wherein the semiconductor substrate includes 
means for pulsing each of the first sensing element and the second sensing element. 

26. The dual-band detector of claim 25, wherein the semiconductor substrate further 
25 includes a respective means for sampling the first detected signal from the first sensing element and 

for sampling the second detected signal from the second sensing element, in response to the incident 
energy in the first range of wavelengths and the second range of wavelengths. 

27. The dual-band detector of claim 14, wherein the semiconductor substrate includes a 
30 readout integrated circuit disposed within the semiconductor substrate that pulses each of the first 

sensing element and the second sensing element and that samples the first detected signal and the 
second detected signal, provided by each of die first sensing element and the second sensing element. 
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in response to the incident energy in the corresponding first range of wavelengths and the second 
range of wavelengths. 

28, The dual-band detector of claim 14, wherein the first means for coupling includes first 
5 downwardly extending leg portions which are a continuation of the first microbridge detector level 

and which support the first microbridge detector level above the semiconductor substrate so that a 
thermal isolation gap exists between the first microbridge detector level and the semiconductor 
substrate; and 

first electrically conductive paths included within the first do^^'nwa^dly extending leg 
10 portions connecting the first sensing element to the semiconductor substrate. 

29. The dual-band detector of claim 28. wherein the second means for coupling includes 
second downwardly extending leg portions which are a continuation of the second microbridge 
detector level and which suppon the second microbridge detector level above the semiconductor 

15 substrate so that a thermal isolation gap exists between the second microbridge detector level and 
the semiconductor substrate: and 

second electrically conductive paths included within said second downwardly extending leg 
portions connecting the second sensing element to the semiconductor substrate. 

20 30. The dual-band detector of claim 14. wherein the first means for coupling comprises 

etched contacts which vertically extend from the first microbridge detector le\'el down to the 
semiconductor substrate. 

31. The dual-band detector of claim 30, wherein the second means for coupling comprises 
25 etched contacts which vertically extend from the second microbridge detector level down to the 

semiconductor substrate. 

32. An imaging system, comprising: 

a lens that receives an electromagnetic signal, focusses the electromagnetic signal and 
30 outputs a focussed electromagnetic signal; 

a focal plane array including a pluralitj^ of dual-band detector devices disposed in the 
array, wherein each dual-band detector device detects the focussed signal, converts the focussed 
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signal into a sensed signal and outputs the sensed signal lo provide a plurality of sensed signals at 
an output of the focal plane amy, and wherein each detector device includes a detector that absorbs 
the focussed signal in a first band of xvavelengths and a detector that absorbs the focussed signal in 
a second band of wavelengths: 

5 a focal plane array processor that receives the piuralit>' of sensed signals, processes 

the pluialit>- of sensed signals to correct any gain and any offset errors between each of the plurality 
of sensed signals, and outputs a pluralit>- of processed signals; 

a display processor that receives the pluralit) of processed signals, converts the 
plurality- of processed signals into a display signal suitable for output to a display, and that outputs 

0 the display signal; and 

a display that receives the display signal and displays the displa>- signal so as to 
display an image of a scene or object that emined the electromagnetic signal. 

33. The imaging system of claim 32. wherein the imaging system is a helmet-mounted 
5 imaging de\ice. 

34. The imaging s> stem of claim 32. wherein the imaging system is a goggle-mounted 
imaging system. 



35. TTie imaging system of claim 32. wherein the imaging svsiem is a monocular sv 



stem. 



36. The imagining s>stem of claim 32. wherein the imaging system is a binocular system. 

37. The imaging system of claim 32, wherein the imaging system is a weapon sight. 

38. The imaging system of claim 32, wherein the imagining system is a camcorder 
apparatus. 

39. The imagining system of claim 32. wherein the imagining system is a microscope. 



40. 



imagining system of claim 32, wherein the imagining system is a radiometer. 
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41. The imagining system of claim 32, wherein the imagining system is a spectrometer. 
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FIG. 14a 




FIG. 14b FIG. 14 c 
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